PCT 




Wu/lD TMlLLECniAL FRO?ERTY ORGAMZaTTON 
/ InKmaiionit Burew 

,mT.«N ATI ONAL APPLICA^N P»BUS»ED tNDER THE PATBfT C OOPERAmN TOEm (PCT) 

^ j I (11) Ifilenutional rublfcaiton Number: WO 97/21788 ' 

i A.1 \ 



(51) IrtemwiuMl Pate»i aa»lli«liiin 
ClOCi <»TA)4, 45/58 



' (431 lniemck>nal pubEoiLkin Dmuj 



193un* IW (19,06.07) 



I 



(211 ImeniDtkiiua Applkttion Number: 



(221 InteniuionAl rniit« Daw: 



prT nsQ6/iM427 i i«n D«»iB«»t«* Stales: AU. BR. CA, CN. JP. MX. N0» SG, 



!3 Novemorr lv95 (IS.11.^6) 



GR. IE. IT. LU, MC. NL. PT. SE>. 



(30) Priorrtr 

08/«9.468 



8 Dcccmbei 1995 (08.12.93) US 



PiiMlshed 



(TOAppiJCMi: 5XX0N RESRAKCH AND ENOasfBERlNG 
COIWIPANY lUb/CS]. ISO Paifc Avenue. P.O. Box m 
Borttm Paik. 07932^)390 (US) 

(71) Iftvtmon: WITT1ENBRINK. Rotiert, by; 8W Shidyiflen 
Drive Bium Rouge. TA 70SI6 <US). RYAN. DanicU 
Fnncii- 621 1 Gabriel Oaks Drive. Baton RuUfC LA 711820 
(USt BAirMAN. Richard. Frank; mS\ Oak Hollcm- Dnvc, 
Batoa Rouge, LA 70810 (US) 

(74) AMnc: >lMON. Jay: t»iOT» R«e»jch iid £n2inc2f:nft Com. 
p.ay. P.O. Box 390. FlorhBr. rtirk. Ni n79J2<;390 ^US). 



VTiiA mrtrnattonat search report 
JJtjbrr Wre tipvMxoii oftheWne Unui for anuTuiiMf the 
claims and to be reffuinisited in ihe event of the reetkpi of 
amendetfJiis. 



(S4) TidK BlODEORAD/BUi HtOH PERFORMANCE MYDHOCARBOh BASE OILS 
(57) Abitniu 

_ . ^■►.i. i;.- -»rfn™>.,.. iirdrMrtMii base Oi:» uieltal ui lubrieanu ic. Mfine oil and Induttial COfnpokitl^ 

anJ T««» fo' mmataMe. *. w».y. oi panmnic f«cd ^''."""y ' ^i^n.ing fnin. ahoin 20 lo SO *t.*. pB/«»bly 



Best Available Copy 



FOR THE POlt^OSRS OF tS'FORMATlON ONLY 



Codes used to identify SuMt purty to tV. HCT oii the ftrmt pagc< of pimphlett publithing i^itemaiional 
iipplicationt unJer Uie PCT. 





/\nneiu 


UB 


UiiM IClaitfoia 


MW 


MUawi 


AT 


Aoum 


r;B 


Georiii 


MK 


Mnve 


AV 




CN 




NR 




*1 




GA 


0*«en 


Nl. 


Nc«Kfiud< 


IS 




HL* 


H»«afT 


NO 


Non»i> 


\9 


IfWtlBI FtfO 


IE 




NZ 


Vew Zetland 


BC 


Bikfvu 


IT 


h«hr 


n. 




BJ 


Scnirt 


JP 




PT 


PtrvfiJ 


III 


(uuil 


ICS 




IU> 




BY 


Odint 


KG 




Ri: 


ftiuaiaa Manitoa 


CX 




KP 


ne»oc<«ic rtopte'i MrtiWK 


so 




cr 


Ccnnl Aden ItepuUic 




CFf Kwtt 


S£ 




CO 




Kit 


RfpMK of Kmt 


M 




Of 




KZ 




B 




a 




u 




UC 


SbrAia 


CM 




uc 


Sri t^Mi^ 


9i 


S«ic««l 


on 


C)^a 


LJt 


Ubeiia 


SC 




a 




LT 


Uhuanii 


Til 


ClUid 


C£ 


Ciacti K^u»itr 


LU 




TC 




OE 




LV 




TJ 


Tijikijivi 


OR 




MC 


UotllOD 


TT 


Trinidad and Tobafo 


tc 




MP 




UA 


cs 


Spain 


MO 




cc 


U^anoa 


n 




ML 


MUl 




ttnllad iutoi of Ancflci 


pii 




MN 


MUBtOllfc 


It 




GA 




Ml 


MaiLctiru 


VN 





PCTaiSM/18427 



BIODEGRADABLE HIGH PERFORMANCE HYDROC.\RBON 

BASE OILS 

1. Field of the kvenhon 

This invention relates to biodegradable high performance hydrocarbon 
base oils, suitable as engine oil and industrial oil compositions In particular. 
It relates to lubricant base oil compositions, and process for making such 
compositions by the hydroisomerizanon/hydrocracking of paraffmic Nvaxes, 
suitably Fischcr-Tropsch waxes. 

2. BacKKTOund 

li is well known that very iarge amounts of lubricanng oils, e g., engine 
oils, transmission oils, gear box oils, elc, find their way into the natural 
environment, accideniully and even deliberately. These oils arc capable of 
causing much enxnronmeniai harm unless they are acccpUbly biodegrddablc. 
For this reason there is mcrcasing emphasis in this country', and abroad, to 
develop and employ high performance lubhcanr base oils which arc 
enviTtinmentally friendly, or substannaily biodegradable on escape or release 
into the enxnionmcnt. 

Few nydrocarbon base oils arc environmentally fnendly though their 
qualities as lubncanu may be unchallenged. The literature stresses ilie 
superior biodcgradability of ester based lubricants, naniral and synthetic, over 
hydrocarbon based products. However there is little or no emphasis on 
pcrfoimance- Few references are found relating to the biodegradability of 
hydrocarbon lubricants. Ethyl Petroleum Additivcs's EP 468 109A however 
docs disclose the biodegradability of lubncating oils containing at least 10 
volume percent of a "biodegradable liquid hydrocarbon of lubiicatmg 
viscosity formed by oligomeriration of a l-alkene hydrocarbon having 6 to 20 
carbon atoms :n the molecule and hydrogenaaon of the resultant oligomer/' 
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Apparently hydrogcnatcd oligomers of this type have unexpectedly high 
biodegradabiiity, panicularly those having ac least 50 volume percent dime/, 
taimer and/or tetramer. Ethyl Petroleum Additive's EP 558 835 Al discloses 
lubricating oils having similar poiyalphaoicfin, PAO, components. However, 
botit references point out performance debits for the synthetic and natural ester 
oils, such a^ low oxidative stability at high temperatures and poor hydrolyoc 
stability. British Petroleum's FR 2675812 discloses the production of 
biodegradable PAO hydrocarbons base oils by dewaxing a hydrocracked base 
oil at low temperatures. 

There is a clear need for biodegradable high performance hydrocarbon 
base oils useful as engine oil and industrial oil, or lubricant composuions 
which are ai least equivalent to the poiyalphaolefms in quality, but have the 
distinct advantage of being more biodegradable. 

3. Summary of the Invention 

This invention, which supplies these and other needs, accordingly 
relates to biodegradable high perfumiance parafiinic lubricant base oils, and 
process for the production of such composirions by the hydrocracking and 
hydroisomenzaticn of parafFmic, or waxy hydrocarbon feeds, especially 
Fischer- Tropsh waxes or reacnon produces, all or at least a ponion of which 
boiis above 700°F, i.e., 70O°F-t- The wa.<y feed is first contacted, with 
hydrogen, over a dual functional catalyst to produce hydroisomerization and 
hydracracidng reactions sull'icient to conven at least about 20 perceni to about 
50 percent, preferably from about 25 percent to about 40 percent, on a once 
through basis based on the weight of the 700**F+ feed, or 700T *- feed 
component to TOCF- materials, and produce 700*F+ materials rich in methyl - 
paraffins. This resultant crude product, which contains bodi 700"?- and 
700T+ materials, characterized generally as a C5-I050'*F-r crude fraction, is 
fu-st topped via atmospheric distillation to produce a lower boiling fraction the 
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upper end of which boils between about 650^V and 750"?. e.g.. 700»F, and a 
h,aher boiling, or bottoms fraction having an initial boiling point ranging 
between about 650°F and TSO'F. cfc.. 700"F. and an upper end or final boiling 
point of about 1050^F+, e.g.. a 7O0°F+ fraction. The lower boiling firacaon, 
e.g.. the 70n'F- fraction, ftxjtn the disrillation is a non-lube, or fuel fraction. 

At these conversion levels, the hydroisomerizaaonyiiydrocracking 
reactions convens a significant amount of the waxy, or paraffinic feed to 
700°?+ methyl-paiaffins. i.e.. isoparafiins containing one or more methyl 
groups in the molecule, with minimal formation of branches of carbon number 
greater than 1 : i.e.. ethyl, propyl, butyl or the like. The 700^+ bottoms 
fractions so- treated contain 700''F* isoparaffins having from about 6.0 to 
about 7 5 methyl branches per 100 carbon atoms, preferably from about 6.5 to 
about 7.0 methyl branches per lOO carbon atoms, m the molecule. These 
isoparaflins. contained in a mixture with other matenals, provide a product 
from which higii performance, highly biodegradable lube oils can be obtamed. 

The higher boiling bottoms fractions, e.g.. the 700''F+ bottoms fraction 
containing the methyl-paraffins, or crude fraction, is dewaxcd m a 
conventional solvent dcwaxing step to remove n-paraffins. and the recovered 
dcwaxcd product, or dcwaxed oil, is fractionau:d under vacuum to produce 
paraffinic lubricating oil fractions of different ws.osity grades, including 
hydrocarbon oil fractions suitable as high periormancc engine oils and engme 
lubricants which, unlike most hydrocarbon base oils, are biodegradable on 
release or escape into the environment. In terms of iheir performance they are 
unsurpassed by the PAO lubricants, and are supcnor thereto in terms of their 
biodegradability 

4. pytniled Description 

The feed matenals that are isomerizcd tc produce the lube base stocks, 
and lubncants with the catalyst of this invention are waxy feeds, i.e.. C5*, 
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prcferibly having an initial boiling point above about 350**F (1 17®C), more 
preferably above about 550°r (288°C}. and contain a major amount of 
components boiling above 700*-* K (370"C>. The feed may be obtained cither 
from ft Fischer-Tropsch process Wnich produces substanaaily nonnal 
parafTins, or irom pctroicom derived slack waxes. 

Slack waxes arc the by-products of dewaxing operations where a 
diluent such as propane or a ketone (e.g., mcthylethyl ketone, methyl isobutyl 
ketone) or other dilucn: is employed to promote wax crystal growth, the wax 
being removed from the base oii by filtration or other suitable means. The 
slack waxes arc generally parailinic in nature, boil above about 600**F 
(316=C), pxeferabK' in the range of 600T (3 J6T) to about 1050T (566'C), 
and may contain from about I to about 35 wt % oii. Waxes with low oil 
contents, e.g., 5-2C wi % are preferred; however, waxy cistillatca or raffinaies 
containing 5*45% wax may also be used as feeds. Slack waxes are usually 
freed of polynuclear aromatics and hetero-atom compounds by techniques 
known in the an; e.g.. mild hydrotrcaring as dcscnbed in U.S. Patent No. 
4,900,707, which also reduces sulfur and nitrogen levels preferably to less 
than 5 ppm and less than 2 ppm, rcspccrively. Fischer-Tropsch waxes are 
preferred feed maienals, having negligible amounts of aromatics, sulfur and 
nitrogen compounds. The Fischer-Tropsch hquii or wax, is characterized as 
the product of a Fischer-Tropsh process wherein a synthetic gas, or mixture of 
hydrogen and carbon monoxide, is processed at elevated temperature over a 
supported catalyst comprised of a Group VIII metal, ur metals, of the Periodic 
Table of Tlie Elements (Sargem-Welch Scientific Company, Copyright 1968), 
e.g., cobalt, ruthenium, iron, etc. The Fischer-Tropsch wax contains Cf-i-, 
preferably C lo^. niore preferably CjO'^ paraffin.^. A distillation showing the 
fractional make up {±\0 wt,% for each fraction) of a t>'pical Fischer-Tropsch 
process liquid feedstock is as follows: 
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R^iii y.p r^my^r^rmt Ranee Wt.?-:. of Fraction 
IBP-SICF '3 
320 - f>00°F ^3 
500- TOOT 

700- lOSO-F 3'* 

lOSOop-^ ii 

100 

The wax feed is contacted, with hydrogen, at hydrocrackine/' 
livdroisomerization conditions over a bifimctional catalyst, orcatalysi 
containing a metal, or metals, hydrogenation component and an acidic oxide 
support component active in producing both hydrocracldng and 
hydroisometizaiion reactions. Preferably, a fixed bed of Oie cataiyst is 
contacted with the feed at conditions which convert about 20 to 50 wt.%, 
preferably about 25 to 40 wl.%. of the 700"? components of the feed to 
TOOT- materials and produce a lower boiling fraction having an upper end 
boiling point between about 650T and 750"F, e.g.. 70O''F. and a higher 
boiling, or bottoms fraction having an initial boiling point between about 
650»F and 750*F. e.g.. 700"1'. the higher boiling fraction that remains 
containing high quality blending components for the production of high 
performance biodegradable base oils. In general the hydrocracking/ 
hydroisomcnzation reaction is conducted by comacting the waxy feed over the 
catalyst at a controlled combination of conditions which produce these levels 
of conversion; i.e.. by selection of tcmperamres ranging from about 400»F to 
about 850"F. preferably from about SOCF to about 700°F, pressures ranging 
generaily from about 100 pounds per square inch gauge (psig) to about 1500 
psig. preferably from about 300 psig to about 1000 psig. hydrogen treat gas 
rates ranging from about 1000 SCFB to about 10.000 SCFB. preferably from 
about 2000 SCFB to about 5000 SCFB, and space velocities ranging generaUy 
from about 0.5 LHSV to about 10 LHSV. preferably from about 0.5 LHSV to 
about 2.0 l.HSV 
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The active metal component of the catalyst is preferably a Group VIII 
metal, or metals, of the Periodic Table Of The Eleracots (Sargent- Welch 
Scientific Company Copynght 1968) in amount sufficient to be catahticaily 
active for hydrocracking and hydroisomcrization of the waxy feed. The 
catalyst may also contain, in addition to the Group VIII metal, or metals^ a 
Group IB and/'or a Group VIB mciaL or metals, of the Periodic Table. 
Generally, metal concentration j range from &bout 0.05 percent to about 20 

percent, based on the total weight of the catalyst (wt%). preferably from 
about 0. 1 wt. percent to about 1 0 wt. percent. Exemplary of such meuls ai e 
such non-noble Group VIII metah as nickel and cobaiu or mixtures of these 
metals with each otiicr or with other metals, such as coppci, a Group IB metal, 
or molybdcauxn, a Ciiuup \nB metal. Palladium and platuium are exemplar^' 
of suitable Group VIII noble metals. The metal, or metals, is incorporated 
with the support component of the catalyst by known methods, e.g.» by 
impregnation of the support with a solution of a suitable salt or acid of the 
meul or metals, drying and calcinanon. 

The catalyst support is cnnsbtuted of metal oxide, or metal oxides, 
components at least one component of which is an acidic oxide active in 
producing olefm cracking and hydroisomcrization reactions. Exemplary 
oxides include silica, silica-alumina, clays, e.g., pillared clays, magnesia, 
ntama, zirconia, halides, e.g., chlonded alumina, and the like. The catalyst 
support is preferably consbnited of silica and alumina, a particularly preferred 
support bemg constituted of up to about 35 wt.% silica, preferably from about 
2 wt.% to about 35 wi.% silica, and having the following pore-structural 
characteristics: 



wo ?7ni'7SB 



PCT/US96/|»417 



Pnrc Radius.A 

0-300 
100-75,000 

0-30 



Pnre Voiume 
>0.03 mVg 
<0.35 ml/g 



100-300 



<2f % of the volume of the 
pores with 0-300 A radius 
<40**/o of the volume of the 
pores with 0-300 A radius 



The base silica and aiumiiia matcnals can be, e.g., ioluble silica cor;taininc 
compounds such as alkali metal siUcatcs (preferably where Na20:Si02 = 1 :2 
to 1:4), tcaaalko)C\ silanc. orthosiiic acid ester, etc.; sulfates^ nitrates, or 
chlorides of alunuiiuin alkali metal aluminates; or inorganic or organic salts 
of alkoxides or the like. When precipitating the hydrates of silica or alumina 
from a solution of such martinR matcnats. a suitable acid or base is added and 
•Jie pH is set widun a rani^e cf about 6.0 to ! 1.0. Prccipitarion and aging are 
canricd out, with heating, by adding an acid or base under reflux to prevent 
evaporation of the creanng liquid and change of pH The remainder of the 
support producing process iS the same as those commonly employed, 
including filtering, drying and calciijanon cf die support material. The support 
may also conuin small amounts, e.g., 1-30 wc %, of matenals such as 
magnesia, riiaixia, iirconia. haftiia, or Lhe like. 

Support materials and their prcpai-ation arc dcscnbcd mere fully in U S. 
Patent No. 3,843.509 incoipcraied herein by reference. The support matcnals 
generally have a surface area rangun;. from about lSO-400 m^/g. preferably 
230-375 m2/g, a pore volume generally of about 0 3 to l.O ml/g, preferably 
about 0.5 to 0.95 mL'g, bulk density of generally about 0.5-1.0 g/ml, and a side 
crushing strength of about 0.8 to 3.5 kg'mm. 



The bydrocracking/liydroisomerizaGon reaction is conducted in one or 
a plurality of reactors connected in scncs, generally from about 1 to about 5 
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reactors; but preferably Lhc reaciion is conducted in a single reactor. The 
waxy* hydrocarbon feed, e.g., Fischcr-Tropsch wax, preferably one boiling 
above about 70O"F, or has a large amount of 700*"?- hydrocarbon 
components, is fed, with hydrogen, into the reactor, a first reactor of the 
senes, to contact a fixed bed of the caxalyst ar hydrocracicing/hydro- 
isomcrizariun rcaaion conditions to hydrocrack, hydroisomcrizc aiid convert 
at least a poniui^ of t)ie waxy feed to products which include after further 
work up high quality oils and lube blending components. 

The following examples are illustrative of the more salient features of 
(he invention. ,^1 pans, and percentages, are given in terms of weight unless 
oUierwise specified. 

Examples 1-9 

A mixture of hydrogen and cafbou monoxide synthesis gas (H2:C0 
2. 1 1-2. 16) was converted to heavy paraffins in a slurry FischcT'Tropsch 
icactor. A uiania supported cobalt rhenium catalyst was utilircd for the 
Fischer- Tropsch reaction. The rcacuon was conducted at 422-428**^ 287-289 
psig, and the feed was introduced at a Imcar velocity- of 12 to 17.5 cm/sec. 
The alpha ot uie Fischer-Tropsch syntnesis step was 0.92. The paraffinic 
Fischcr-Tropsch product was isolated in three nominally different boiling 
Streams; separated by utilizing a rough flash. The ihrcc boiling fractions 
which were obtained were: 1 ) a Cf-SOO^F boiling fraction, i.e., 
F-T cold separator liquids, 2) a 500-700*^ boiling fraction, i.e., F-T hot 
separator liquids; and 3) a 700**y^ boiling fraction, i.e., a F-T reactor wax. 

A series of base oils were prepared in runs made by hydrocracking and 
isomerizing the 700"F f- Fischer-Tropsch reactor wax feedstock, with 
hydrogen, at different levels of conversion over a sihca cxhanced cobali-moly- 
nickcl catalyst (CoO. 3.6 wt.%; iVIoOj. 16.4 NiO, 0.66 wt.%; on a 
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SiO^-AbO? support, 13 7 nvt,% of which is silica): having a surface area of 
270 m2/g. and pore volume <30 mm equal lo 0.43). A. combination of 
reaction ccnditions. i.c . as relalcs to temperature, space veloc;it>', pressure and 
hydropcn trcai rate, to convert 30 wt.^o. 35 y.x'-o. AS 50 wt.%. 58 wi.%. 
67 and 80 wt% respectively, of the feedstock to materials boiling below 
TOCF, i.e.. 700T-. The conoitions for each of the respective runs and the 
yields which were obtained for each arc given m Table I. The Table also lists 
the amounts of IB P-fiSO'F and bSCF* products obtained by 15/5 distillation 
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A 650^-*- bottom fraction was recovered from the products obtamed 
from each of the runs by atjnosphcric disiillation, and then again fractionated 
under high vacuum to produce several viscosity grades of lubricant, \tz. eOK. 
lOOK, 175N and about 35(>-4O0N. The residual products were then subjected 
ro solvent dcwaxing tc remove waxy hydxocarbons and lower the pour point to 
about -18^C(3:''FV 

For each viscosity grade, the dewaxinR conditions were held constant 
so that the effect of conversion level on dewaxing could be evaluated. The 
dewaxuig conditions for lOON and 175N viscosit)' grades at the 50%, 50^^., 
67®/o and 80% conversion icveJs are given in Table 2. 





Tabic 2 
Dewaxing Conditions^ 






Viscositv Grade 




30"/d Conversion 
Soivciit:Oil Ratio 
Filter Temp, 'C 
Pour Pt, '^C 


lOON 

3:1 
-21 
.18 


175N 

3:1 
-21 
-18 


.^OVo Conversion 
Solvcnt:Oil Ratio 
Filler Temp. *C 
Pour Pi X 


5:1 
-21 
-21 


31 
-21 
-21 


fil^/n Tonversion 
Solvent:Oil Ratio 
Filter Temp. ""C 
Pour Pt, °C 


11 
-21 
-15 


3:1 
-21 
-18 


80Vo Conversion 
SolventrOU Ratio 
Filter Temp, "C 
Pour Pt, 


3:1 
-21 
-24 


3:1 
-21 
-24 



I All dewaxings employed 100% methylisobutylketone. MIBK. 
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The physical propemcs, yields of dtwaxcd oii, DWC. and 
corresponding dry wax contenxs f bodi as wt.% on waxy feed) for each 
dcwaxing in terais of the ICON and 175N viscosity grades at specific levels of 
jonvei-siun are given in Tabic 3. 
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Nuclear magncnc resonance fNMR) branching densities for lOON base 
oils produced at 50Va, 50%. 67Vo, and 80% levels, respectively, are given in 
Table 4. It will be observed thai the lower levels ol methyl branching occurs 
at the lower conversion levels; with the biodeeradability of the oil increasing 
at the lower levels of conversion. Composirions of highest biodegradability 
are thus produced at the 30 wt.% level of conversion, and the next highest 
biodegradabiliiy compositions arc produced at tl»e 50 wt,% conversion level. 



Table 4 

]O0N Base Oil, '-CKMR Branching Densities 
% Convcnion 



Base Oil 


30 


1 50 


67 


80 


VI. 


141 


I'" 


I2i) 


124 


Per lOCCTarbons 
Methvl Groups 
(CHv') 


6.8 


i 7.5 


7.5 


7.8 



It is also found that the viscosity index, VI, decreases with increasing 
level of conversion for each specific viscosit>' grade This is because base oils 
prepared at higher conversion levels tend to be more highly branched and 
consequently have lower \i$cosity mdcxes. For the lOON base oils, the VI 
ranges from 14 1 to 1 18. For the I75N oils, the coiTCsponding VI range is 153 
to 136, respectively. The 17!>J base oils have VU which are also comparable 
to the commercial ETHYLFLO 166 which has a VI of Uj. The VI of the 
ICON viscosit)' grade is comparable to the commercial ETHYLFLO 164 which 
has a VI of 125. For purposes of comparison, certain physical properties of 
the commercial lOON ETHYLFLO 164 and 175N ETHYLFLO 166 are 
presented in I able 5. 
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Table 5 
EIHYLFLO™ 164 
(Lot 200-128) 



Viscosity at lOCC. cSi 3.88 

Viscosity at 40''C, =St 16 9 

Viscosity at -40'C. cSt 2450 

Viscosity Index 125 

Pour Poait, "C -70 

Flash Point 0-92). 'C 217 

NOACK volatility, ".'o • 1 - ^ 

CEC-L-33-T-82 30% 

ETH^TFLO''' 166 
(Lot 200-122) 

Viscosity at I OCX. cSt 5 -98 

Viscosity at 4f)»C, cSt 30 9 

Viscosity at -40''C, cSt 7830 

Pour Point, »C -M 

Flash Pcint (D-92). 'C 233 

NOACK. VOLATILITY. % 6. 1 

Viscosit>' Index '^3 

CEC-L-1"-T-82 . 29% 
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To determine the biodcip'adabiljw of the DWO base stocks, and 
lubncaiit compositions, tests were conducted in accordance with CEC-L-33-T- 
a test method devtrloped by the Coordinating European Council (CEC) and 
reported in "Biodcgradability Of Two-Stroke CycJe Outboard Engme OiJs In 
Water: Tentative Test Method' pp 1-8 and incorporated herein by reference. 
The lest measures the decrease in ihe amoiini of a substrate due to microbial 
action. It has been shown, as measured by CEC-Lo3-T-82 that the DWO 
base stock.";, and lubncant compositions produced in accordance with this 
invenrion arc of biodcgradability above about 50*?^o. and 10 arc generally above 
about 50% lo about 90%. and higher, biodegradable. 

Ex ampl e s iQ»lj 

The CEC-L-3.'5-T-a2 test was run to observe the biodcgradaiion of the 
following samples over a 21 day period, to wit 

Samples: 

A: Base Oil lOON, 30 wt.%Conv. - 1.5133 g/100 mL FREON 

B; Base Oil lOON, 50 wt.% Conv. - 1.43 14 g/lOO mL FREON 

C: Base Oil ICON. 67 wt.% Conv. - 1.5090 g/100 mL FREON 

D. Base Oii lOON, 80 wt.% Conv. - 1. 5388 g^'lOO mL FrlEON 

X: VISTONE A30 - 1.4991 g^OO mL FR£ON 
(Hosinve Calibranon Matciial) 

Each of the tests were conducted using a FREON solvent, and the stock 
solutions used v/crc standurd as required by the lest procedure. 

The inoculum used wa.s iion-ultercd primary effluent from the Pike 
Brook Treatment Plant in Bellcmead, New Jersey. The inoculum was 
determined lo have between 1 x 10^ and I x iO*^ colony fomung units/mL 
(CFLVinL) by £asicult-TCC dip slides. 



Triplicaie tesi systems for all icsi materiais and Vistore A30 were 
prepared and ariaiyzed on day 7.ero for parent material conccntradon. Ail 
extractions were pcrfonnecl described ir. the test procedure. The analyses 
were pcnonncd on the Xicolet Model 205 FT-IR. Triplicate lest systems for 
samples B through X, in addition to poisoned systems of each sample were 
placed on OTtiial shakers and continuously agitated at 150 rpm in total 
darkness at 25± O'T until day twenty-one. On day twenty-one the samples 
were analyxcd for residua! parent material. Sample "A" was also evaluated at 
ihc day scren interval to determine removal rate along with the above 
mentioned samples. Triplicate systems for "A" were prepared, extracted and 
analyzed after seven, tourtccn and twenty-one days of incubarion. 



RESULTS 



1 lOON BASE OILS 


SAMPLE 
Level of Conversion 


% 

BIODEGRADATION 
f:i DAYS) 


STANDARD 
DEVIATION. SD 


A: Base Oil 30 wt.% 


84.62 1 1.12 


B: Base Oil 50 wt,% 


77.95 


0.86 


C: Base Oil 67 wT.% 


73.46 l.Ol 


D- Base Oil 80 wt.% 


73.18 1 2 34 


E. ETHYLFLO 164 


10 00 


0.54 


X; VISTONEA30 


98.62 i 1.09 



I Based on analysis of triplicate inoculated test systems 
and triplicate poisoned test systems. 



RATE STUDY SAMPLE A 1 


DAY 


% 

BIODEGRADATION 


SD 


7 


76.15 


2.74 


14 


S2.82 


2.37 , 


21 


84 62 




M2 \ 
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Examples 14.16 

The CEC-L-33-T-S2 lest was run to observe the bi ode gradation nf the 
following test maicnaii over a 2 1 day pcncd. 

Samples: 

A: J Base Oil 175N, 30 wt.% Conv. - 1 58 g/ iOO mL FREON 
B:2 Base Oil 175N, 50 wt.% Conv. - L09 g/'iOO inL FREON 
C: J Base Oil 175N, $0 wt.% Conv - i .43 g/'lOO mL FREON 
X: > \lSTONE A30 - 1.3 g/IOD mL FREON 
(Positive Calibration Material) 

^ 500 mL used to dose test systems to achieve ^7.5 mg loading of test 
maccnal. 

- 750 \lL used to dose test systems to achieve =t7.5 mg loading of test 
rnatenal. 

Each of the tests were conducted using a FREON solvent, and the stock 
solutions used were standard as required by the i^:st procedure. 

The inoculmn was pon-filtercd primary effluent from the Pike Brook 
Trcalment Plant in BcUemcac, New Jersey. The inoculum was determined to 
have between i x 10** and I x 10^ colony forming uniis^'mL (CFU/mL) by 
Easicult-TCC dip slides. 

Triphcfiie test systems for all icst matenals and Vistone A 30 were 
prepared and analyzed on day zero for paicnt material concentration. All 
extractions were perforaicd as described in the test procedure. The analyses 
were perfarmcd on the Nicolet Model 205 FT.[R. Triplicate test systems for 
samples A through X, in addition to poisoned systems of each sample were 
placed inside cn\aroiunental chambers and continuously agitated at 150 rpm in 
total darkness at 25 i C'C until day twenty-one. On day twenty-one the 
samples were analyzed for residual parent material. 
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RESULTS 



I75N BASE OILS 



SAMPLE 



SD 



i BIODEGRADATION 
1 (21DAYS')' 



A: Base Oil 



76.93 



1.452 



B: Bass Oil 



62.01 



1.379 



C: Base Oil 



5L04 



1.657 



G. EmYLFLO 166 



X: VISTONti AiO 




0408 



I Based on analysis of triplicate inoculated test systems 
and triplicate poisoned test systems. 

These data show that two different ICON oils were of biodegradability 
approaching 75%. and txvo ditferent lOON oils were of biodegradability well 
above 75%; one approximating 85% The Blue .Angels in Gemany, defines 
"readily biodegradable" as >80»/i m the CEC-L-33.T-82 tesi. The three 175>! 
oils that were demonssratcd had biodegradability values rarcing between 
about 5 1 % to about 77'/'o. 

The DWO base stocks, xid lubricant compositions due to their high 
paraffinic content. >97.5 Vol.%. are also suitable as feedstocks for medicinal 
grade white oils. The following is exemplary. 

Example 18 

A dewaxcd 60N base oil vas subjected to mild hydrofming over a Ni- 
Mn-MoS04 bulk catalyst to produce an 80 wt.% level of conversion (i.e .. 
240'C. 600° psi H2, 0 25 LHSW The product readily passed the diagnostic 
"hot acid test" for medicinal grade white oils. 
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Ir is apparent that various modificabons and changes can be made 
without deparnng the spirit and scope of this invenhon. 
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CL\IMS: 

1 . A process for the production of a biodegradable high 
perfomance hydrocarbon base oil useful as a lubricant in engine oil and 
industrial oil compositions, which compnses 

comacting a 700**F-- pai^inic feed, or paraffinic feed 
containing 700°F+ components, with hydrogen, over a dual functionai catalyst 
to produce hydroisomcnzalion and hydrocracking reactions and 
conversion levels rangmg from about 20 percent to about 50 percent, on a 
once through basis based on the weight ofTOOT+ components of the feed, 
and a crade fraction containing 700"F- materials rich m methyl paraffms. 

topping said crude fraction via annosphcnc disdliaiion to 
produce a residual bottoms fraction the initial boihng point of u-hich boils 
between about 650' F and about ISO-?. 

Jcwaxing said bimoms firacnon with a solvent, and recovering a 
dewaxcd oil. and 

fractionating said dewaxcd oil with a vacuum to recover said 
biodegradable high perfomuuicc hydrocarbon base oil. 

2. The process of Claim 1 wherein the paraffinic feed is a Fischei- 
Tropsch wax, or Fischer-Tropsch reacdon product. 



3. The process of Claim I wherein the catalyst is comprised of a 
Group VIK metal, or metals, supported on a particulate refraclory inorganic 
oxide earner. 
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4. The process of Claim wherein the catalyst is compnsed of a 
Group IB or Group VIB metal, or mclais, or both a Group IB and Group \1B 
metal, or metals, in addition to the Group VIII metal, or metals. 

5. The process of Claim 4 wherein the concentranon of ihc metal, 
or metals, ranges from about 0. 1 percent to about 20 percent based on the 
total weight of the catalyst the Group [B metal is copper, the Group VIB 
metal i^ moiybdcnum. and the Group VIII metal is palladium^ piatiniun. 
nickel, or cobah. 

6. The process of Claim i wherein the crude fracrion thai is 
produced by the hydioiscmerization/hydiocracking reactions produces 700'*F+ 
materials rich in isoparairms having fium about 6.0 to about 7.5 methyl 
branches per 300 carbon a:oms in the molecule. 

7 The process of Claim 6 wherein the 700°F-^ materials that are 
produced are rich in isoparaffms having from about 6.5 to about 7.0 methyl 
branches per 1 00 atoms in the molecules. 

8. The process of Claim 1 wherein the 700T+ level of conversion 
of the poraftlnic feed ranges from about 25 percent to about 40 percent. 

9. The process of Claim I wherein one or more viscosity grades of 
lubricant are produced from the solvent dewaxed oil by vacuum fractionation, 
and at least one of the rractions is hydrotined sufficiently to pass the 
diagnostic hot acid test to pxvducc a medicinal grade white oil 



PCT^S96/1M27 

WO 97/2 1 788 -2 3- 

10. As a composition of matter, a biodegradable high ficrformance 
hydrocarbon base oil -aseful as an engine oil component or engine oil pioduced 
in accordance with the process dcscjibcd by any of Claims 1 through 8. 
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